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Abstract

Background: With their increasing availability in resource-limited settings, mobile phones may provide an important tool for
participatory syndromic surveillance, in which users provide symptom data directly into a centralized database.

Objective: We studied the performance of amobile phone app-based participatory syndromic surveillance system for collecting
syndromic data (acute febrile illness and acute gastroenteritis) to detect dengue virus and norovirus on a cohort of children living
in alow-resource and rural area of Guatemala.

Methods: Randomized households were provided with a mobile phone and asked to submit weekly reports using a symptom
diary app (Vigilant-€). Participants reporting acute febrile illness or acute gastroenteritis answered additional questions using a
decision-tree algorithm and were subsequently visited at home by a study nurse who performed a second interview and collected
samplesfor denguevirusif confirmed acutefebrileillnessand norovirusif acute gastroenteritis. We analyzed risk factors associated
with decreased self-reporting of syndromic data using the Vigilant-e app and evaluated strategies to improve self-reporting. We
also assessed agreement between self-report and nurse-collected data obtained during home visits.

Results: From April 2015 to June 2016, 469 children in 207 households provided 471 person-years of observation. Mean weekly
symptom reporting rate was 78% (range 58%-89%). Households with a poor (<70%) weekly reporting rate using the Vigilant-e
app during the first 25 weeks of observation (n=57) had a greater number of children (mean 2.8, SD 1.5 vs mean 2.5, SD 1.3;
risk ratio [RR] 1.2, 95% CI 1.1-1.4), were less likely to have used mobile phones for text messaging at study enrollment (61%,
35/57 vs 76.7%, 115/150; RR 0.6, 95% CI 0.4-0.9), and were less likely to access care at the local public clinic (35%, 20/57 vs
67.3%, 101/150; RR 0.4, 95% CI 0.2-0.6). Parents of female enrolled participants were more likely to have low response rate
(57.1%, 84/147 vs 43.8%, 141/322; RR 1.4, 95% CI 1.1-1.9). Several externa factors (cellular tower collapse, contentious
elections) were associated with periods of decreased reporting. Poor response rate (<70%) was associated with lower casereporting
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of acute gastroenteritis, norovirus-associated acute gastroenteritis, acute febrileillness, and dengue virus-associated acute febrile
illness (P<.001). Parent-reported syndromic data on the Vigilant-e app demonstrated agreement with nurse-collected data for
fever (kappa=.57, P<.001), vomiting (kappa=.63, P<.001), and diarrhea (kappa=.61, P<.001), with decreased agreement as the

time interval between parental report and nurse home visit increased (<1 day: kappa=.65-.70; =2 days. kappa=.08-.29).

Conclusions:

In aresource-limited area of rural Guatemala, a mobile phone app-based participatory syndromic surveillance

system demonstrated a high reporting rate and good agreement between parental reported data and nurse-reported data during
home visits. Several household-level and external factors were associated with decreased syndromic reporting. Poor reporting
rate was associated with decreased syndromic and pathogen-specific case ascertainment.

(J Med Internet Res 2017;19(11):€368) doi: 10.2196/jmir.8041
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Introduction

Given numerous endemic and emerging infectious diseases,
there is a need for improved surveillance capacity in low- and
middle-income countries (LMICs). Mobile health (mHealth)
systems, which take advantage of the increasing availability of
mobile communication technology, offer a potential
cost-effective tool to improve surveillance capacity in LMICs
by obtaining real-time reporting directly from users.

Health care workers (HCWs) have successfully used mHealth
platforms in LMICs for disease surveillance, transmission
mapping of pathogens, and decision support [1-5]. However,
these systems still rely mostly on passive voluntary reporting
at health carefacilities, which leadsto significant underreporting
[6,7]. In addition, the World Health Organization estimates a
current shortage of morethan 7 million HCWsand this shortage
is expected to rise to 12.9 million HCWs by 2035, limiting the
capacity of HCWSsto report disease [8].

An alternative approach to centralized surveillance is to “task
shift” data collection from HCWs and health centers to the
health care consumer. Participatory syndromic surveillance
systems use mHealth tools for community membersto directly
self-report symptoms indicative of a particular disease [9,10].
These systems, which have traditionally relied on email- or
I nternet-based reporting, are now transitioning to short message
service (SMS) text messages and, more recently, mobile phone
app platforms [9,11]. Participatory syndromic surveillance has
been used in developed countries for influenza and syndromic
(ie, acuterespiratory illness) surveillancein thelast decade, but
their usein LMICs has been limited, especialy in combination
with diagnostic testing [9,11-15]. Similar to most LMICs,
Guatemala has limited experience with participatory syndromic
surveillance and relies almost entirely on passive, centralized
surveillance systems to estimate disease burden, including for
important emerging pathogens such as dengue virus and
norovirus, two of the most common causes of fever and diarrhes,
respectively [16-19].

To better understand the utility of participatory syndromic
surveillance for emerging disease surveillance in LMICs, we
studied the performance and acceptability of a mobile phone
app-based participatory syndromic surveillance system in
detecting acute febrile illness and acute gastroenteritis among
a randomized cohort of children in a low-resource region of

http://www.jmir.org/2017/11/e368/

Guatemala with limited access to Internet and

telecommunication.

Methods
Study Setting and Population

The study was conducted in 25 communities within a 200 km?
catchment area aong the coastal lowlands of southwest
Guatemala. The populationsliving in these communities suffer
from high levels of food insecurity, poverty, low accessto health
care, and high levels of diarrheal and respiratory disease [20].
Househol dswith children aged 6 weeksto 17 yearswereeligible
for study inclusion. All children within aconsenting household
were offered enrollment, and the household was included if at
least one child participated. The household was excluded if the
parent was unable to demonstrate proficiency in submitting the
weekly mobile phone-based symptom diary after instruction.

M aobile Phone App Development and Use

An encrypted Android mobile phone app (Vigilant-€), developed
by Integra IT (Bogota, Colombia), was used. The app alows
study participants to directly enter and report symptoms or
events using simplified question algorithms and decision-tree
logic (see Multimedia Appendix 1 for Vigilant-e app
screenshots). Once submitted, encrypted participant data are
automatically uploaded using cellular data networks into a
secure central database and removed from the mobile phone.
Data submitted into the database are available in real time and
automated alerts can be generated and sent electronicaly to
study personnel, identifying participants meseting predefined
case definitions (acute febrile illness or acute gastroenteritis)
or Integrated Management of Childhood IlIness(IMCI) warning
signs[21].

The Vigilant-e app was configured with the participation of the
study investigators, the study nurses, community members, and
thelntegral T team. Given low education rates and mobile phone
useintheregion, the user interface was simplified to aminimum
number of questionswith simplelanguage and visual aidswhen
possible. Study personnel were trained and the app was
field-tested to determine if mobile data coverage was acceptable.
Although Internet coverage was variable, the Vigilant-e app
was able to store datalocally until data coverage was acquired,
at which point the data were automatically uploaded into the
study database. To avoid unnecessary consumption of available
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data from participants, all apps on their mobile phones were
blocked except for Vigilant-e and WhatsApp as well as phone
and text messaging apps, so participants could communicate
with study nurses when needed.

Case Definitions

Case definitions were created prior to study initiation. Acute
gastroenteritiswas defined as sel f-reported vomiting or diarrhea
for at least 3 days or both for 1 day or more in the preceding
week. Norovirus-associated acute gastroenteritis was defined
as acute gastroenteritis with concurrent positive norovirus
reverse transcription polymerase chain reaction (RT-PCR)
testing at the time of sampling. Acutefebrileillnesswasdefined
as self-reported fever for at least 2 days within the preceding
week. Dengue fever was defined as acute febrile illness with
positive dengue virus RT-PCR test or anti-DENV IgM serologic
test at the time of sampling. If a child reported acute
gastroenteritis or acute febrile illness for more than 2 weeksin
a row, only the clinical data and sample from the first week
were included.

Surveillance System

All households were screened and enrolled using a two-stage
cluster sampling strategy adapted from the World Health
Organization lot quality assurance method, in which 30 clusters
of 7 households were enrolled at random within the study
catchment area, as previously described [22-25]. Demographic,
geographic information system (GIS), exposure, and clinical
data were collected at enrollment, including a survey on the
presence and use of mobile phones in the household. All
participating households were provided a study-specific mobile
phone (Huawei Y 330) with the Vigilant-e symptom diary app
installed and were asked to complete a symptom report (fever,
vomiting, or diarrhea) each week on each participating child.
For positive reports of fever, vomiting, or diarrhea, the study
nurses phoned the participants to confirm symptoms and ask
additional clinical questions. If no weekly report was received
from a household in a given week, a study nurse phoned the
parent to remind them of the submission requirement. Any
participant who met the case definition for acute febrileillness
or acute gastroenteritis on their weekly report was visited at
their home by a study nurse, with a goal interval time between
report and home visit of less than 48 hours. During this visit,
study nurses would repeat the same questions asked on the
symptom diary app and would obtain a stool or blood sample
from participants reporting acute gastroenteritis and acute febrile
illness, respectively. Any participant with IMCI danger signs
was referred to a medical facility; study physicians supervised
all nurses.

Beginning on October 2, 2015, if a participant did not submit
the symptom diary in a given week, study nurses were allowed
to phone the household and manually enter weekly symptom
diary datainto the study database instead of relying entirely on
the Vigilant-e app. Beginning in early April 2016, all
participating households were visited by a study nurse, any
malfunctioning phones were replaced, and participants were
reminded to submit weekly symptom data using the app.
Prospective surveillance using the weekly symptom diary was
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continued through June 2016, at which point a final closeout
visit was performed.

Laboratory Testing

Serum sampl es from participantswith acutefebrileillnessduring
prospective follow-up were tested for dengue virus by RT-PCR
using the Centers for Disease Control and Prevention’s dengue
virus assay (DENV-1-4) and IgM anti-DENV IgM
enzyme-linked immunosorbent assay (ELISA, InBios Inc,
Seattle, WA, USA). Stool specimenswere collected using Copan
FLOQSwabs (Brescia, Italy) either by rectal swab or on fresh
(<2 hours old) stool sample and eluted in eNAT transport
solution (Copan, Brescia, Italy) before testing, with both
collection techniques previously demonstrating similar
molecular viral yield [26,27]. Samples were stored on-site at
—20°C and shipped on dry ice to Universidad del Valle de
Guatemala (UVG) where diagnostic testing was performed as
previously described [25,28].

Statistical Analysis

Demographic variables were compared between the households
with 70% or greater response rate and those with less than 70%
response rate using ageneralized linear model with at binomial
response distribution and a log link function. The 70% cutoff
was chosen based on response rates observed in previous
participatory syndromic surveillance studies in non-LMICs
[12,13,29,30]. Agreement of symptoms reported on the
Vigilant-e app versusthose reported by study nurses at the home
visitswere cal culated using Kendall tau for continuous variables
and kappa statistic for categorical variables. SASv 9.4 (Cary,
NC, USA) wasused for all dataanalysis. Mapping of households
by response rate was performed using the “sp” spatia package
in R and Google satellite images [31].

Ethical Oversight

The study was approved by the Colorado Multiple Institutional
Review Board, the UVG Ingtitutional Review Board, and the
GuatemalaMinistry of Health National Ethics Committee. The
local Southwest Trifinio Community Advisory Board for
Research agreed to the study.

Results

The study enrolled 207 of 444 (46.6%) eligible householdsfrom
April to September 2015, which included 469 children (Figure
1). The most commonly cited reasons for declining study
participation (n=73) included lack of perceived benefit to the
child (21/73, 29%), discomfort with rectal specimen collection
(16/73, 22%), and not wanting responsibility for the mobile
phone (12/73, 16%). Enrolled househol dswere 97.1% (201/207)
nonindigenous with amean of 5.0 (SD 1.8) peopleliving inthe
household, including mean 2.6 (SD 1.4) children younger than
18 years with a mean age of 7.3 (SD 4.7) years (Table 1).
Household density was semirural with a mean of 9.5 (SD 8.6)
househol ds per 300 m?.The primary caregiver (and study mobile
phone user in most cases) was literate in 88.4% (183/207) of
households; 24.6% (51/207) of fathers and 18.4% (38/207) of
mothers had completed secondary education.
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Figure 1. Study design and CONSORT diagram of study recruitment, enrollment, and completion. The participatory syndromic surveillance (PSS)
cohort enrolled children from April to September 2015, followed by prospective observation with the weekly symptom diary for acute gastroenteritis

and acute febrile illness episodes (dotted box) through June 2016.

Cédlular phone ownership among households at enrollment
varied with 12.1% (25/207) reporting no phonein the household
at study initiation and 39.6% (82/207) reporting the use of a
mobile phone. Of those househol dswith cellular phones, 72.5%
(150/207) used them for text messaging and 37.9% (69/182)
for Internet access, of which 19.7% (13/66) accessed the Internet
at least daily.

From April 2015 to June 2016, enrolled participants completed
471 person-years of prospective observation with amean weekly
symptom reporting rate of 78% (range 58%-89%) among
enrolled children. During the first 25 weeks of observation,
study participantswith alow (<70%) weekly parental symptom
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reporting rate using the Vigilant-e app were more likely to be
female than participants with a high (=70%) weekly reporting
rate (57% vs 44%, risk ratio [RR] 1.4, 95% CI 1.1-1.9).
Householdswith alow (<70%) weekly symptom reporting rate
(n=57) were more likely to have a greater number of children
(mean 2.8, SD 1.5 vs mean 2.5, SD 1.3; RR 1.2, 95% CI
1.1-1.4), were less likely to have used mobile phones for text
messaging at study enrollment (61% vs 77%, RR 0.6, 95% ClI
0.4-0.9), and were less likely to access health care at the local
public clinic (35% vs 67%, RR 0.4, 95% CI 0.2-0.6) than
households with a =70% reporting rate (Table 1). Household
cluster density did not differ between households with low
versus high reporting rates and there was no significant
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difference in reporting rates based on geolocation (Figure 2).
Households with low weekly reporting rates were significantly
less likely to report acute gastroenteritis, norovirus-associated
acute gastroenteritis, acute febrile illness, and dengue
virus-associated acute febrileillness than householdswith high
weekly reporting (P<.01, Table 1). The most commonly cited
reasonsfor not submitting weekly reportswere poor datasignal,
discomfort with using the mobile phone, data consumption,
stolen or lost phone, and forgetting to send the report.

Several external factorsdisrupted the weekly symptom reporting
by study participants, including a period of staff turnover, the
collapse of alocal cellular tower, and contentious primary and
secondary national elections (Figure 3). After October 2015,
when nurses were allowed to manually enter symptom data
directly into the study database for individualsfailing to submit
symptom data using the Vigilant-e app in a given week, mean
overall weekly reporting increased from 73% to 82% over an
8-week period (P<.001) (Figure 3). However, during the same
timeframe, there was an associated decrease of parents
self-reporting symptom data using the Vigilant-e app from 100%
to 60% (P<.001). After April 2016, when nurses performed the
intervention to improve symptom reporting using the Vigilant-e

http://www.jmir.org/2017/11/e368/
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app, the proportion of households self-entering symptom data
using the Vigilant-e app increased from 36% preintervention
to 54% 4 weeks postintervention (P=.046), and the overall mean
weekly reporting rate (self-report and nurse report) remained
unchanged at 83% (P=.93).

When comparing symptom reporting using the Vigilant-e app
to nurse-recorded reporting at the home visit (conducted within
48 hours), there was strong agreement between the Vigilant-e
app and the home visit for all symptoms except bleeding, which
wasrarely reported (Table 2). The averagetimeinterval between
an acutefebrileillness or acute gastroenteritis report and anurse
home visit was mean 1.2 (SD 1.7) days; 69.9% (79/113) of
participants were visited within 1 day of a report and 86.7%
(98/113) were visited within 2 days of areport. The greater the
time between the Vigilant-e app symptom report and the nurse
homevisit, the greater the disagreement in the symptoms (fever,
vomiting, and diarrhea) between reporters (Table 3). Overall,
at the time of study completion, there was a high satisfaction
rate with study participation with 178 (98.8%) of households
reporting that participating in the study was beneficia to them
personally and 174 (96.6%) reporting that participation benefited
the community.
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Table 1. Study participant and household characteristics and risk factors associated with low symptom diary app response rate (&It;70%), April to

September 2015.
Characteristics Overall Response Response RR (Cl )b P
rate 270% rate <70% (ref 270%)
Child characteristics 2
Children enrolled, n 469 322 147
Age (years), mean (SD) 7.3(47) 7.1(4.8) 7.5 (4.4) 1.0(L0-1.04) .44
Gender (female), n (%) 225(47.9) 141(43.8) 84(57.1) 14(11-19) .008
Child vaccinated (rotavirus), n (%) 250(53.3) 165(51.2) 85(57.8) 1.2(09-17) .13
Child attends school (if age =6 years), n (%) 217 (85.1) 143 (84.1) 74 (87.1) 0.8(0.5-14) 55
Household characteristics
Households enrolled, n 207 150 57
Individuals in house, mean (SD) 5.0 (1.8) 49(1.7) 5.2 (2.0) 11(09-12) .27
Children enrolled per household, mean (SD) 26(1.4) 25(1.3) 2.8(1.5) 12(1.1-1.4) .004
Children aged <5 years enrolled per household, mean (SD) 1.0(0.8) 1.0(0.8) 1.0(0.8) 10(0.814) .81
Household cluster density, mean (SD) 9.5(8.6) 9.9(3.4) 8.1(8.0) 0.8(0.6-1.04) .09
Primary caregiver literacy, n (%) 183(88.4) 131(87.3) 52(91) 1.3(0.6-30) .52
Father’s education =secondary, n (%) 51 (24.6) 34 (22.7) 17 (30) 1.3(0.8-21) .28
Mother’s education =secondary, n (%) 38(18.4) 32(21.3) 6(11) 05(0.2-1.1) .10
Health care at public clinic, n (%) 121 (58.5) 101 (67.3) 20(35) 0.4 (0.2-06) <.001
Duration at current house (years), mean (SD) 8.1(3.4) 8.04 (3.4) 8.34 (8.8) 10(09-11) .63
Cellular phone usage
Cellular phones per household, mean (SD) 14(1.1) 1.4(1.0) 14(1.1) 10(0812) .95
Most advanced phonein household, n (%)
No phone 25(12.1) 16 (10.7) 9(16) Ref
No mobile phone 99 (47.8) 73 (48.7) 26 (46) 0.7(04-1.4) .32
Mobile phone 82 (39.6) 60 (40.0) 22 (39) 07(04-14) .36
Phones used for text messaging, n (%)° 150(725)  115(76.7)  35(61) 06(04-0.9 .02
Uses a phone with Internet, n (%)° 69 (37.7) 56 (42.1) 13 (27) 06(04-1.1) .10
Internet accessfrequencyd, n (%)
<Weekly 53 (80.3) 45 (81.8) 8(73) Ref
>Daily 13(19.7) 10(17.8) 3(27) 15(05-5.00 .48
Syndromic reporting (Apr 2015-Jun 2016) ©
Acute gastroenteritis, n (%) 100 92 (0.7) 8(0.3) 0.2(0.1-0.4) <.001
Norovirus-associated acute gastroenteritis, n (%) 12(3.7) 0(0) N/Cf N/C
Acutefebrileillness, n (%) 122 112 (0.9) 10(0.3) 0.2(0.1-04)  <.001
Dengue-associated acute febrile illness, n (%) 4(1.2) 0(0) N/C N/C

A\e were unable to model the random effects of multiple children per household due to relatively low numbers of children per household.
PRisk ratios (RR) and 95% confidence intervals were calculated using univariate generalized linear models, with dichotomous response rate in the first

25 weeks of surveillance (=70% vs <70%) as the outcome of interest.

©12% of households are missing these variables.
d689% of all households are miss ng this variable because they said they did not use a phone with Internet access in the previous question.
®The response rates reflect the first 25 weeks of surveillance, despite the longer syndromic reporting period (April 2015-June 2016).

"N/C: not calcul ated
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Figure 2. Map showing clusters of participants with high (>70%; yellow circle) symptom diary app response rate versus moderate (40%-70%; orange
circle) and low (<40%; red circle) response rates, in the Southwest Trifinio Region of Guatemala during the first 25 weeks of surveillance prior to
allowing study nurses to manually enter syndromic data (A pril-October 2015).
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Figure 3. Weekly syndromic reporting rate for acute febrile iliness and acute gastroenteritis, April 2015-June 2016. Weekly syndromic reporting rate
of participants using the Vigilant-e symptom diary mobile phone app (orange), manually entered data from nurse phone call (green), and combined
mobile phone and manual data entry (blue). Several factors were associated with periods of decreased reporting, including a time period of high staff
turnover (June-July 2015), acellular tower collapse (August 2015), and primary and run-off presidential elections (October 2015). On October 2, 2015,
study nurses were alowed to manually enter participant data if there was no response. In April 2016, study nurses performed an in-home visit to
participating households to repair or replace malfunctioning phones and remind participants to use the Vigilant-e app for reporting when possible.
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Table 2. Agreement of symptom reporting among study participants between maobile phone symptom diary app and nurse home visit, April 2015 to

June 2016.

Symptoms? Symptom diary app (n=113) Nurse homevisit (n=113)  Kappaor Kendall ta® PP
Fever, n (%) 62 (56.9) 79 (69.9) 57 <.001
Fever duration (days), mean (SD) 29(1.3) 3.0(1.8) 46 <.001
Rash, n (%) 15 (24.2) 16 (20.3) 59 <.001
Pain, n (%) 38(61.3) 45 (57.0) 55 <.001
Nausea, n (%) 29 (46.8) 32 (40.5) 48 <.001
Bleeding, n (%) 3(4.8) 1(1.3) -02 82
Vomiting, n (%) 62 (57.4) 29 (25.7) .63 <.001
Duration (days), mean (SD) 2.5(2.0) 1.9(0.9) 69 <.001
Maximum emesis/day, mean (SD) 45(2.8) 3.6(1.7) .56 .002
Diarrhea, n (%) 33(30.3) 70 (62.0) 61 <.001
Diarrhea duration (days), mean (SD) 3.2(18) 3.4(1.8) .78 <.001
Maximum stools/day, mean (SD) 4.7 (2.1) 51(2.2) .29 .006

Parti cipants were asked additional symptom questions if they responded that “yes’ their child had fever, diarrhea, or vomiting on the app or the nurse
phone call. Nurses also asked the same questions using the same screening technique at the home visit (along with many more detailed questions).
Symptoms included any reported symptom, regardless of duration.

bKappa statistic for categorical variables and Kendall tau for continuous variables.

Table 3. Agreement between self-reported symptoms using the Vigilant-e app and study nurse-collected symptoms at home visit.

Days between app report and home visit? n Fever Vomiting Diarrhea

Kappa P Kappa P Kappa P
<1 79 .70 <.001 .66 <.001 .65 <.001
1 19 51 .03 .68 .002 .76 .002
=2 15 .08 71 .28 .29 A3 .64

8Asthetimeinterval increased between self-reported symptoms (Vigilant-e app) and nurse-collected symptoms (home visit), agreement between these
reporting mechanisms decreased (kappa coefficient). If nurse-collected symptoms occurred within 1 day of self-report, kappa agreement was .65-.70.
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Discussion

In a resource-limited region of Guatemala with low literacy
rates, we implemented a mobile phone-based participatory
syndromic surveillance system with a high weekly response
rate and a high rate of agreement between mabile phone parental
reporting and nurse home visit reporting. We identified
individual and community factorsthat |ed to decreased reporting,
including female sex of the study participant, a greater number
of children in the home, less prior experience with SMS text
messaging, and lower utilization of local public health clinics.
During our surveillance period, several external factors were
associated with decreased reporting, including a cellular tower
collapse and national elections, which highlight novel problems
in conducting mobile phone-based surveillance. In addition, we
demonstrated how contact with study participants, either with
phone calls or home visits, may influence self-reporting. Finally,
inthisregion of high norovirusand denguevirusburden [17,25],
we found an associ ation between lower rate of weekly self-report
and fewer detected episodes meeting syndromic (acute febrile
illness and acute gastroenteritis) and pathogen-specific (dengue
virus and norovirus) case definitions.

Conducting prospective and accurate infectious disease
surveillance in resource-limited settings is difficult for many
reasons, including a lack of trained personnel, infrastructure,
and diagnostic testing. Prospective surveillance studies have
traditionally used weekly home visits or phone calls to collect
syndromic data, followed by diagnostic testing in individuals
meeting predefined case definitions, although these systems
require significant resources and personnel [19,32]. In our study,
we task-shifted syndromic data collection directly to community
members by training them to use amobile phone-based symptom
diary app. Although study nurses were still required to phone
households that did not submit a report in a given week, and
we showed that regular contact between study nurses and
participantsimproved reporting, the vast majority of syndromic
reporting was entered directly by study participants into an
electronic database. The parent-reported datawere also accurate
when compared to data collected by study nurses, especially
when the nurse home visit occurred the same day as the
submitted report. Although local syndromic dataare unavailable,
our estimated acute febrile illness incidence (18.7 per 100
person-years) was similar to that in multiple Latin American
countries using a weekly home visit system (26.7 per 100
person-years) [ 19]. Our estimated acute gastroenteritisincidence
(21.0 per 100 person-years) was lower than estimates reported
elsewhere (37-400 episodes per 100 person-years), although
these other studies generally included less strict case definitions
(1 day of symptoms instead of 3 days), younger populations
(<5 yearsinstead of <18 years), and till demonstrated a wide
variability in acute gastroenteritis incidence [18,33].

We identified several practical lessons in performing mobile
phone-based participatory syndromic surveillance in this
resource-limited area. Although mobile phonesareincreasingly
integrating into these communities, the telecommunication
infrastructureis susceptibleto interference, as demonstrated by
decreased reporting following a cellular tower collapse. In
addition, other external factors, including a period of high staff
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turnover that delayed reminder phone calls and widespread
protests that impacted both participants and study personnel,
were associ ated with periods of decreased self-reporting. Users
were provided with limited data use per month and phoneswere
locked to prevent use of non-study apps, but participants still
found ways to circumvent this process. We found that regular
communication between study personnel and participants led
to improved reporting, but this required more personnel.
Allowing study nurses to manually enter participant data into
the database, instead of the participants, led to improved
reporting overall but was associated with decreased
self-reporting, somewhat undermining the participatory
syndromic surveillance system. Prior to this intervention, the
reporting rate (74%) was consi stent with participatory syndromic
surveillance studiesin non-LMICs[12,13,29,30], and depending
on the needs of the surveillance system (eg, vaccine
effectiveness, outbreak response), may be sufficient. Further
studies are needed to better define the role of participatory
syndromic surveillancein these specific settings, and to optimize
the interaction between participant and study personnel.

As mobile phones and data networks become increasingly
integrated into resource-limited regions of the world, mobile
phone-based participatory syndromic surveillance will likely
become a more powerful tool to collect population-level
syndromic data. Although we provided mobile phones to
participants in our study, an important future step will be to
allow users to download a symptom diary app onto their own
mobile phones and encouraging syndromic self-reporting by
providing some small incentive, such as prepaid airtime. This
strategy, although still requiring personnel to maintain
communication with participants and collect samples when
needed, would allow a significant scale-up of the surveillance
platform. And although syndromic data would be collected for
al individuals, limiting diagnostic testing to arandom or higher
risk (meeting a more specific case definition) subset of
participants would significantly reduce costs. This type of
system could also be used for specific populations, such asin
screening pregnant women for Zika virus, or during outbreaks
of emerging pathogens such as Ebola. Because accessto mobile
phones is not evenly distributed within a population, it will be
important for these types of surveillance programs to find
strategies to ensure population-level representativeness.

The study had several strengths and limitations. We chose to
perform the study in one of the most resource-limited regions
of Guatemala where 70% of the population reports food
insecurity and where 60% of households do not own a mobile
phone [20]; success in this setting supports the likelihood of
replicating this system in other areas with equal or greater
resources. Individuals who owned mobile phones at baseline
had attained a higher level of education compared to those that
did not own mobile phones (P<.001), and they presumably had
higher socioeconomic status, so we provided a study mobile
phone to all enrolled households to limit bias in our study
population. Nevertheless, many eligible households (>50%)
declined participation, including 16% that did not want
responsibility for the mobile phone, which may have led to a
selection bias. We were unable to determine whether the
decreased syndromic reporting in the low (<70%) response
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group was due to actual decreased disease incidence or due to
decreased reporting. The representativeness of the system may
be biased toward high (=70%) response households, which is
an important consideration for future studies. Sample collection
within our prospective syndromic surveillance system decreased
over time secondary to parenta refusal [25], and although
syndromic reporting was maintained at a high level throughout
the study, it is possible that households were not reporting
symptoms to avoid diagnostic testing (venipuncture or
rectal/stool swab). This possibility could have been evaluated
by sending study nurses at random to households that reported
no symptoms in a given week and comparing their data to the

Olson et al

including the nurse home visits, benefited their families (98.8%)
and the community (96.6%) overall.

In summary, we successfully implemented amobile phone-based
participatory  syndromic  surveillance system in a
resource-limited region of Guatemala and identified several
factors that positively or negatively impacted self-reporting.
Self-reporting using a symptom diary mobile phone app
(Vigilant-) was accurate when compared to study
nurse-collected data during a home visit. Future studies should
evaluate mobile phone-based participatory syndromic
surveillance for specific high-risk populations and pathogens
at other sites, and should scale-up syndromic self-reporting with

mobile phone self-report. Househol ds did report that the study, diagnostic testing performed only within arandomized or slect

subset of responders.
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symptoms for each child (Panel B). If they selected the child and then reported fever, vomiting, or diarrhea (not shown), another
screen would appear asking additional syndromic questions (Panel C).

[JPG File, 64K B-Multimedia Appendix 1]

References

1. LiY,FangL,GaoS, WangZ, GaoH, LiuPR, et al. Decision support system for the response to infectious di sease emergencies
based on WebGI S and mobile servicesin China. PLoS One 2013;8(1):€54842 [ FREE Full text] [doi:
10.1371/journal .pone.0054842] [Medline: 23372780]

2. Robertson C, Sawford K, Daniel SL, Nelson TA, Stephen C. Mobile phone-based infectious disease surveillance system,
Sri Lanka. Emerg Infect Dis 2010 Oct;16(10):1524-1531 [FREE Full text] [doi: 10.3201/€id1610.100249] [Medline:
20875276]

3. LinY, Heffernan C. Accessible and inexpensive tools for global HPAI surveillance: a mobile-phone based system. Prev
Vet Med 2011 Feb 01;98(2-3):209-214. [doi: 10.1016/j.prevetmed.2010.10.003] [Medline: 21167614]

http://www.jmir.org/2017/11/e368/ JMed Internet Res 2017 | vol. 19 | iss. 11| €368 | p. 10

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v19i11e368_app1.JPG&filename=4c2f0b402e44120b05084a48f2c633de.JPG
https://jmir.org/api/download?alt_name=jmir_v19i11e368_app1.JPG&filename=4c2f0b402e44120b05084a48f2c633de.JPG
http://dx.plos.org/10.1371/journal.pone.0054842
http://dx.doi.org/10.1371/journal.pone.0054842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23372780&dopt=Abstract
https://dx.doi.org/10.3201/eid1610.100249
http://dx.doi.org/10.3201/eid1610.100249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20875276&dopt=Abstract
http://dx.doi.org/10.1016/j.prevetmed.2010.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21167614&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Olson et a

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Yang C, Yang J, Luo X, Gong P. Use of mobile phonesin an emergency reporting system for infectious disease surveillance
after the Sichuan earthquake in China. Bull World Health Organ 2009 Aug;87(8):619-623 [FREE Full text] [Medline:
19705013]

Agarwal S, Perry HB, Long L, Labrique AB. Evidence on feasibility and effective use of mHealth strategies by frontline
health workers in developing countries: systematic review. Trop Med Int Health 2015 Aug;20(8):1003-1014 [FREE Full
text] [doi: 10.1111/tmi.12525] [Medline: 25881735]

German RR, Lee LM, Horan JM, Milstein RL, Pertowski CA, Waller MN, Guidelines Working Group Centersfor Disease
Control and Prevention. Updated guidelines for evaluating public health surveillance systems: recommendations from the
Guidelines Working Group. MMWR Recomm Rep 2001 Jul 27;50(RR-13):1-35; quiz CEL. [Medline: 18634202]

Sarti E, L'AzouM, Mercado M, Kuri P, SiqueiraJB, SolisE, et a. A comparative study on active and passive epidemiol ogical
surveillance for dengue in five countries of Latin America. Int J Infect Dis 2016 Mar;44:44-49 [EREE Full text] [doi:
10.1016/}.ijid.2016.01.015] [Medline: 26836763]

Global Health Workforce Alliance, World Health Organization. Global Health Workforce Alliance. 2015. A universal
truth: no health without aworkforce. Third Global Forum on Human Resourcesfor Health report URL : http://www.who.int/
workforcealliance/knowledge/resources/hrhreport2013/en/ [accessed 2017-10-11] [WebCite Cache ID 6u92ZNtUa)
Wojcik OP, Brownstein JS, Chunara R, Johansson MA. Public health for the people: participatory infectious disease
surveillance in the digital age. Emerg Themes Epidemiol 2014;11:7 [FREE Full text] [doi: 10.1186/1742-7622-11-7]
[Medline: 24991229]

Mandl KD, Overhage JM, Wagner MM, L ober WB, Sebastiani P, Mostashari F, et al. Implementing syndromic surveillance:
apractical guide informed by the early experience. JAm Med Inform Assoc 2004;11(2):141-150 [FREE Full text] [doi:
10.1197/jamia.M 1356] [Medline: 14633933]

Milinovich GJ, Williams GM, Clements AC, Hu W. Internet-based surveillance systemsfor monitoring emerging infectious
diseases. Lancet Infect Dis 2014 Feb;14(2):160-168. [doi: 10.1016/S1473-3099(13)70244-5] [Medline: 24290841]

Pini A, Merk H, Carnahan A, Galanis |, DanisK, Edelstein M, et al. High added value of a population-based participatory
surveillance system for community acute gastrointestinal, respiratory and influenza-like illnesses in Sweden, 2013-2014
using the web. Epidemiol Infect 2017 Apr;145(6):1193-1202. [doi: 10.1017/S0950268816003290] [Medline: 28137317]
Lester J, Paige S, Chapman CA, Gibson M, Holland JJ, Switzer WM, et al. Assessing commitment and reporting fidelity
to atext message-based participatory surveillancein rural western Uganda. PLoS One 2016;11(6):e0155971 [FREE Full
text] [doi: 10.1371/journal.pone.0155971] [Medline: 27281020]

Chenais E, Sternberg-Lewerin S, Bogvist S, Emanuelson U, Aliro T, Tejler E, et al. African swine fever in Uganda:
qualitative evaluation of three surveillance methods with implications for other resource-poor settings. Front Vet Sci
2015;2:51 [FREE Full text] [doi: 10.3389/fvets.2015.00051] [Medline: 26664978]

White A, Thomas DS, Ezeanochie N, Bull S. Health worker mHealth utilization: asystematic review. Comput Inform Nurs
2016 Mar 7:1. [doi: 10.1097/CIN.0000000000000231] [Medline: 26955009]

Situacion Epidemiol 6gicade Enfermedades Transmitidas por Aguay Alimentos (ETAS): Afio 2017, S. E 1-27 Epidemiologia.
Guatemala City: Departamento de Epidemiologia, Ministerio de Salud Pablicay Asistencia Social; 2017. URL : http:/
[epidemiol ogia.mspas.gob.gt/fil es/Publicaciones¥202017/ETAS/ETAS SEM_27_2017.pdf [accessed 2017-10-11] [WebCite
Cache ID 6u92WoPoG]

Ministerio de Salud Pablicay Asistencia Social. Semana Epidemiol6gica 2017. 2017 Apr 17. URL: http://epidemiologia
mspas.gob.gt/files/Publicaci ones%202017/SEM EPI %202017/SEMEPI_14 2017.pdf [accessed 2017-10-11] [WebCite
Cache |D 6u92|eokF]

Lopman B. Global Burden of Norovirus and Prospects for Vaccine Devel opment. Atlanta, GA: Centersfor Disease Control
and Prevention; 2015. URL: https://www.cdc.gov/norovirus/downl oads/global -burden-report.pdf [accessed 2017-10-11]
[WebCite Cache ID 6u92Ugb7B]

L'Azou M, Moureau A, Sarti E, Nealon J, Zambrano B, Wartel TA, CY D14 Primary Study Group, CY D15 Primary Study
Group. Symptomatic dengue in children in 10 Asian and Latin American countries. N Engl J Med 2016 Mar
24;374(12):1155-1166. [doi: 10.1056/NEIM 0a1503877] [Medline: 27007959]

Asturias EJ, Heinrichs G, Domek G, Brett J, Shick E, Cunningham M, et al. The Center for Human Development in
Guatemala: an innovative model for global population health. Adv Pediatr 2016 Aug;63(1):357-387. [doi:
10.1016/j.yapd.2016.04.001] [Medline: 27426907]

Pocket Book of Hospital Care for Children: Guidelines for the Management of Common Childhood IlInesses. Geneva:
World Health Organization; 2013.

Singh J, Jain DC, SharmaRsS, Verghese T. Evaluation of immunization coverage by lot quality assurance sampling compared
with 30-cluster sampling in a primary health centrein India. Bull World Health Organ 1996;74(3):269-274 [ FREE Full
text] [Medline: 8789925]

D'Ardenne KK, Darrow J, Furniss A, Chavez C, Hernandez H, Berman S, et al. Use of rapid needs assessment as atool to
identify vaccination delays in Guatemala and Peru. Vaccine 2016 Mar 29;34(14):1719-1725. [doi:
10.1016/j.vaccine.2016.01.060] [Medline: 26902545]

http://www.jmir.org/2017/11/e368/ JMed Internet Res 2017 | vol. 19 | iss. 11 | €368 | p. 11

(page number not for citation purposes)


http://www.scielosp.org/scielo.php?script=sci_arttext&pid=S0042-96862009000800019&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19705013&dopt=Abstract
http://dx.doi.org/10.1111/tmi.12525
http://dx.doi.org/10.1111/tmi.12525
http://dx.doi.org/10.1111/tmi.12525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25881735&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18634202&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1201-9712(16)00016-3
http://dx.doi.org/10.1016/j.ijid.2016.01.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26836763&dopt=Abstract
http://www.who.int/workforcealliance/knowledge/resources/hrhreport2013/en/
http://www.who.int/workforcealliance/knowledge/resources/hrhreport2013/en/
http://www.webcitation.org/

                                            6u92ZNtUa
https://ete-online.biomedcentral.com/articles/10.1186/1742-7622-11-7
http://dx.doi.org/10.1186/1742-7622-11-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24991229&dopt=Abstract
http://europepmc.org/abstract/MED/14633933
http://dx.doi.org/10.1197/jamia.M1356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14633933&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(13)70244-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24290841&dopt=Abstract
http://dx.doi.org/10.1017/S0950268816003290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28137317&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0155971
http://dx.plos.org/10.1371/journal.pone.0155971
http://dx.doi.org/10.1371/journal.pone.0155971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27281020&dopt=Abstract
https://dx.doi.org/10.3389/fvets.2015.00051
http://dx.doi.org/10.3389/fvets.2015.00051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26664978&dopt=Abstract
http://dx.doi.org/10.1097/CIN.0000000000000231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26955009&dopt=Abstract
http://epidemiologia.mspas.gob.gt/files/Publicaciones%202017/ETAS/ETAS_SEM_27_2017.pdf
http://epidemiologia.mspas.gob.gt/files/Publicaciones%202017/ETAS/ETAS_SEM_27_2017.pdf
http://www.webcitation.org/

                                            6u92WoPoG
http://www.webcitation.org/

                                            6u92WoPoG
http://epidemiologia.mspas.gob.gt/files/Publicaciones%202017/SEMEPI%202017/SEMEPI_14_2017.pdf
http://epidemiologia.mspas.gob.gt/files/Publicaciones%202017/SEMEPI%202017/SEMEPI_14_2017.pdf
http://www.webcitation.org/

                                            6u92leokF
http://www.webcitation.org/

                                            6u92leokF
https://www.cdc.gov/norovirus/downloads/global-burden-report.pdf
http://www.webcitation.org/

                                            6u92Ugb7B
http://dx.doi.org/10.1056/NEJMoa1503877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27007959&dopt=Abstract
http://dx.doi.org/10.1016/j.yapd.2016.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27426907&dopt=Abstract
http://europepmc.org/abstract/MED/8789925
http://europepmc.org/abstract/MED/8789925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8789925&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2016.01.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26902545&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Olson et a

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

Lanata CF, Black RE. Lot quality assurance sampling techniquesin health surveysin developing countries: advantages
and current constraints. World Health Stat Q 1991;44(3):133-139. [Medline: 1949880]

Olson D, Lamb M, Lopez M, Paniagua-AvilaM, Zacarias A, Samayoa-Reyes G, et a. A rapid epidemiological tool to
measure the burden of norovirusinfection and diseasein resource-limited settings. Open Forum Infect Dis2017;4(2):0fx049
[FEREE Full text] [doi: 10.1093/ofid/ofx049] [Medline: 28730158]

Goldfarb DM, Steenhoff AP, Pernica JM, Chong S, Luinstra K, Mokomane M, et al. Evaluation of anatomically designed
flocked rectal swabsfor molecular detection of enteric pathogensin children admitted to hospital with severe gastroenteritis
in Botswana. J Clin Microbiol 2014 Nov;52(11):3922-3927 [FREE Full text] [doi: 10.1128/JCM.01894-14] [Medline:
25165077)

Arvelo W, Hall AJ, Estevez A, Lopez B, Gregoricus N, Vinjé J, et a. Diagnostic performance of rectal swab versus bulk
stool specimens for the detection of rotavirus and norovirus: implications for outbreak investigations. J Clin Virol 2013
Dec;58(4):678-682 [FREE Full text] [doi: 10.1016/j.jcv.2013.09.019] [Medline: 24139675]

Trujillo AA, McCaustland KA, Zheng D, Hadley LA, Vaughn G, Adams SM, et al. Use of TagMan real-time reverse
transcription-PCR for rapid detection, quantification, and typing of norovirus. JClin Microbiol 2006 Apr;44(4):1405-1412
[FREE Full text] [doi: 10.1128/JCM .44.4.1405-1412.2006] [Medline: 16597869]

Debin M, Turbelin C, Blanchon T, Bonmarin I, Falchi A, Handlik T, et al. Evaluating the feasibility and participants
representativeness of an online nationwide surveillance system for influenzain France. PLoS One 2013;8(9):e73675 [FREE
Full text] [doi: 10.1371/journal.pone.0073675] [Medline: 24040020]

Dalton C, Carlson S, Butler M, Cassano D, Clarke S, Fejsa J, et al. Insights from Flutracking: thirteen tipsto growing a
Web-based participatory surveillance system. IMIR Public Health Surveill 2017 Aug 17;3(3):e48 [EREE Full text] [doi:
10.2196/publichealth.7333] [Medline; 28818817]

R: A language and environment for statistical computing. Vienna, Austria: R Development Core Team; 2011.

Rouhani S, Pefiataro Y P, Paredes OM, Siguas SM, Rengifo TD, Mondal D, Etiology, Risk Factors, and Interactions of
Enteric Infections and Malnutrition and the Conseguences for Child Health and Development Project (MAL-ED) Network
Investigators. Norovirus infection and acquired immunity in 8 countries: results from the MAL-ED study. Clin Infect Dis
2016 May 15;62(10):1210-1217 [FREE Full text] [doi: 10.1093/cid/ciw072] [Medline: 27013692]

Fischer WC, Perin J, Aryee MJ, Boschi-Pinto C, Black RE. Diarrheaincidence in low- and middle-income countriesin
1990 and 2010: a systematic review. BMC Public Health 2012 Mar 21;12:220 [FREE Full text] [doi:
10.1186/1471-2458-12-220] [Medline: 22436130]

Abbreviations

ELISA: enzyme-linked immunosorbent assay

HCW: health care workers

IMCI: Integrated Management of Childhood IlIness
LMIC: low- and middle-income countries

N/C: not calculated

RR: risk ratio

RT-PCR: reverse transcription polymerase chain reaction

Edited by G Eysenbach; submitted 12.05.17; peer-reviewed by Y Jo, C Fu; comments to author 30.08.17; revised version received
13.09.17; accepted 13.09.17; published 09.11.17

Please cite as:

Olson D, Lamb M, Lopez MR, Colborn K, Paniagua-Avila A, Zacarias A, Zambrano-Perilla R, Rodriguez-Castro SR, Cordon-Rosales
C, AsturiasEJ

Performance of a Mobile Phone App-Based Participatory Syndromic Surveillance System for Acute Febrile Iliness and Acute
Gastroenteritisin Rural Guatemala

J Med Internet Res 2017;19(11):€368

URL: http://www.jmir.org/2017/11/e368/

doi: 10.2196/jmir.8041
PMID: 29122738

©Danid Olson, Molly Lamb, Maria Renee Lopez, Kathryn Colborn, Algandra Paniagua-Avila, Alma Zacarias, Ricardo
Zambrano-Perilla, Sergio Ricardo Rodriguez-Castro, Celia Cordon-Rosales, Edwin Jose Asturias. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 09.11.2017. Thisis an open-access article distributed under theterms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

http://www.jmir.org/2017/11/e368/ JMed Internet Res 2017 | vol. 19 | iss. 11 | €368 | p. 12

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1949880&dopt=Abstract
http://europepmc.org/abstract/MED/28730158
http://dx.doi.org/10.1093/ofid/ofx049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28730158&dopt=Abstract
http://jcm.asm.org/cgi/pmidlookup?view=long&pmid=25165077
http://dx.doi.org/10.1128/JCM.01894-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25165077&dopt=Abstract
http://europepmc.org/abstract/MED/24139675
http://dx.doi.org/10.1016/j.jcv.2013.09.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139675&dopt=Abstract
http://jcm.asm.org/cgi/pmidlookup?view=long&pmid=16597869
http://dx.doi.org/10.1128/JCM.44.4.1405-1412.2006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16597869&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0073675
http://dx.plos.org/10.1371/journal.pone.0073675
http://dx.doi.org/10.1371/journal.pone.0073675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24040020&dopt=Abstract
http://publichealth.jmir.org/2017/3/e48/
http://dx.doi.org/10.2196/publichealth.7333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28818817&dopt=Abstract
http://europepmc.org/abstract/MED/27013692
http://dx.doi.org/10.1093/cid/ciw072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27013692&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-12-220
http://dx.doi.org/10.1186/1471-2458-12-220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22436130&dopt=Abstract
http://www.jmir.org/2017/11/e368/
http://dx.doi.org/10.2196/jmir.8041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29122738&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Olson et a

distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
aswell asthis copyright and license information must be included.

http://www.jmir.org/2017/11/e368/ JMed Internet Res 2017 | vol. 19 | iss. 11| €368 | p. 13
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

